DIAGNOSIS.
Externally, E. hemionus (together with kiang and onager) and E. asinus (subgenus Asinus; Fig. 1 ) can be distinguished from E. caballus by possession of chestnuts only on forelimbs, rather than on both fore-and hind limbs (Groves and Mazak 1967) . In addition, hairs forming mane of E. asinus and E. hemionus are shorter and softer than in E. caballus; tail of E. caballus is stiffer, with longer hairs beginning at base, rather than terminally tufted tail as in E. asinus or E. hemionus. E. asinus and E. hemionus lack striping found on E. burchelli, E. grevyi, E. quagga, and E. zebra. E. kiang has a wedge of white behind shoulders that reaches toward rump, and is covered in winter with longer hairs than other Equus species (Groves 1974) . E. asinus can be distinguished from E. hemionus by presence of transverse leg stripes, which are much less common in E. hemionus (Groves and Mazak 1967) .
Skulls of E. asinus ( Fig. 2 ) and E. hemionus are similar to each other, but contrast with those of 6 other species in the genus. External auditory meatus (meatus acousticus) of E. asinus projects beyond the squama temporalis, and is therefore easily visible from above, whereas in E. caballus and zebras, it is little, if at all visible, being much shorter. Mastoid bone is visible from above in E. caballus and zebras but not in asses (Bennett 1980) . Other distinguishing cranial features of more primitive Asinus are a narrower and squarer lambdoidal crest than in caballines; a greater basicranial-basifacial flexion in Asinus than in caballines and zebras; an occipital plane less vertical than in caballus so that a horse skull can be balanced on its occiput, whereas Asinus skulls are unstable; and when skulls of Asinus are viewed from rear, frontal bones cannot be seen, because facial region declines steeply, and top of cranium obscures them (Bennett 1980) . In caballines and zebras, frontals are visible beyond line of juncture with line formed by connecting the postorbital bars. In addition, skull of E. caballus is elongated with a rounded occiput, a long molar row, and a broad incisor region. E. kiang, E. grevyi, E. burchelli, and E. quagga have a high, convex neurocranium, low-placed orbit, and the lateral parts of the frontal bones slope strongly to orbital margins (Groves and Mazak 1967) . Finally, postorbital part of skull in E. asinus is elongated compared to E. hemionus (Groves and Mazak 1967) . Eisenmann (1986) summarizes comparative osteology and odontology of recent Equus, emphasizing diagnostic characters of skulls, teeth, and skeletal proportions. She also summarizes use of metapodial bones for identification of Pleistocene and Recent Equus (Eisenmann and Beckouche 1986 ter; no specific measurements can be used to designate difference between the 2 species because 18 subspecies of hemiones are distributed among 3 species (hemionus, kiang, and onager-Grubb 1993) in which gradations of metapodial length occur. The longest, most slender metapodials of E. hemionus comprise 80% of upper segment length; the breadth is 20% of the length. The metapodials of E. asinus comprise only 65% of the length of the upper limb segment; the breadth is 25% of the length (Groves 1974) .
Edges of the pre-and postfossettes are more folded in E. hemionus than in E. asinus, and metaconid-metastylid isthmus on lower cheekteeth of E. asinus (Groves 1974 ) is usually absent in caballines and zebras. Shape of the valley between metaconid and mestastylid of the lower molars is variable and disputed: either Vshaped in horses, U-shaped in asses, and intermediate in hemiones (Groves and Mazak 1967) ; or V-shaped in zebras and asses, Ushaped in horses, and varying in hemiones from U-shaped in the northeast to V-shaped in the southwest (Groves and Willoughby 1981) .
GENERAL CHARACTERISTICS.
Height of E. asinus at shoulder is 110-140 cm (Clutton-Brock 1992; Lydekker 1905) . Ears are long; hooves are small and narrow with no marked difference in size between front and rear hooves (Groves 1974) . Long hairs are restricted to distal one-third of tail or less; forelock is absent. A dark, narrow dorsal stripe sometimes reaches from neck to tail and is sometimes discontinuous; it lacks white borders. Usually, either a stripe across the shoulder (in Nubian) or dark transverse barring occurs on legs (in Somalia); individual variation occurs and a geographic cline exists from longer, wider cross-stripes in Nubia through narrower, less well-defined, to no cross-stripe at all in Somalia. North African wild asses have 1 or 2 shoulder stripes and transverse barring on legs (Groves 1986) . Near Eastern wild asses were characterized by black ear patches, a single black shoulder stripe, and gray legs, indistinctly barred with black (Pocock 1909) . No white occurs on buttocks or rump. General color of upperparts, in all seasons, is gray-fawn. White areas include muzzle, a ring around each eye, undersurface of lower jaw, inside ear, underparts, and inner surface and much of lower portion of legs.
Equus asinus is the smallest species in the genus. Skull and body measurements and other details of morphology are available (Groves and Willoughby 1981) . E. a. africanus stands 110-122 cm at the shoulder, whereas E. a. somaliensis stands 125-130 cm at shoulder. Each subspecies varies in color. Pelage of Nubian wild ass is more reddish, whereas Somali wild ass is more grayish in dorsolateral color, but intergradation occurs in northern Eritrea (Danakil ass [E. a. taeniopus]-Groves 1986).
DISTRIBUTION.
The late historical distribution of E. asinus extended from northwestern Sudan east of the Nile River southeast to the Atbara River in eastern Ethiopia, to Sennar in northern Somalia (Ansell 1971) , and northward to about Massawa (Fig. 3; Kingdon 1997; Sidney 1965; Uerpmann 1981; Zarins 1986 ). Within historic times, E. asinus has a continuous range across the northern part of the African continent; it was known from Algeria in the Pleistocene (Bagtache et al. 1984) and reports exist of wild herds surviving in remote areas of the Sahara (Hufnagel 1972) . Early historical records place E. asinus in northern Egypt (Osborn and Helmy 1980) east of the Nile (Groves 1986 ) and in southern Egypt (Churcher 1986 ). It may occur in Near and Middle East and probably also in the Arabian Peninsula, in suitable rocky habitats, but not in flat desert or sand dunes (Groves 1986; Uerpmann 1986) .
The wild ass lives in an extremely remote and hostile environment. In 1967, E. asinus inhabited the western side of the Red Sea in the hills of northern Eritrea, at 16Њ30ЈN, 37Њ30ЈE (Ansell 1971; Groves 1974) . As of 1983, 1,500 E. a. africanus were in southern Sudan, and 2,000 E. a. somaliensis were in the Ethiopian Danakil Desert and the Las Anod region of Somalia. As of 1990, the only E. asinus living in the wild was E. a. somaliensis, in northern Somalia. Feral populations of E. asinus exist in many places worldwide and are abundant in the western United States and western Australia (Clutton-Brock 1992) . E. a. asinus occurred in Arabia (Uerpmann 1981; Zarins 1986 ).
FOSSIL RECORD.
Representatives of Equidae in Africa are known from sites of late middle to late Miocene, up to the present time (Churcher and Richardson 1978) . Forms from which E. asinus is descendent are 1st known from northern Africa in the early Pleistocene (E. tabeti -Churcher 1982) and apparently occupied the Mediterranaean and Red Sea areas by the end of the Pleistocene (Azzaroli 1995) . A North American clade in the Blancan may have included putative ancestor of hemiones and asses (Bennett 1980) or hemiones and asses may be autochthonous elements (Forsten 1989) . Hemiones appeared in Asia during late middle or upper Pleistocene. African asses appeared in late upper Pleistocene of Levant and North Africa (Forsten 1989) . E. asinus gradually spread westward across northern Africa during Neolithic times, replacing E. burchelli. This replacement may have been due in part to domestication and transport by man (Romer 1928) .
FORM AND FUNCTION.
Equus asinus has narrow, vertical hooves that are suitable for rocky areas (Groves 1974) . It has small chestnuts on the forelimbs only, thought to be vestiges of the proximal metatarsal and wrist pad (Bennett 1992 ). The coat is some shade of fawn or gray, fading to white in the underparts; coat color changes seasonally, but subtly, being more fawn in summer and more gray in winter (Groves 1974; Lydekker 1905) .
Dental formula is i 3/3, c 1/1, p 3-4/3, m 3/3, total 40-42. Incisors are bluntly chisel-shaped but their shape changes with age through wear from wider than deep to deeper than wide. They are used to seize plants and break off portions or sometimes uproot the whole plant while foraging. Enamel on the tips folds inward to form a pit that wears off early in life (Groves 1974) . Size and volume of hypsodont cheek teeth are greater than that of Hipparion, Dinohippus, and other early ancestors of E. asinus; this is an adaptation to the harder, drier food that is found in the African grassland (Churcher and Richardson 1978) . However, asses and hemiones have simpler molar patterns than do caballines (Bennett 1980; Forsten 1989) . Complexity and hypsodonty are negatively correlated. Simple enamel pattern on teeth is advantageous for hemiones that eat fast and have food pass through the gut quickly. The simple enamel patterns also result in greater masticating pressure per unit area of enamel, which is advantageous when foraging on tough grass (Forsten 1980) .
Equus asinus tolerates hot, dry conditions, often in areas with low-quality forage (Izraely et al. 1989) . Feral E. asinus respond to cellular and extracellular dehydration by increasing water intake (Jones et al. 1989 ). They have a higher threshold for thirst than other equids in terms of water intake and latency to drink when fluid deficits develop. Oxygen consumption (VO 2 , ϮSE) in 2 feral E. asinus running at maximal speed on a 9.8% slope was 110 Ϯ 2 ml min Ϫ1 kg Ϫ1 , or ca. 22 times pre-exercise VO 2 (ϮSE- Mueller et al. 1994) . Average heart rate at maximal VO 2 was 223 Ϯ 2 beats/ min, or 5 times pre-exercise rate. Blood lactate increased 14-fold and blood glucose did not change. The total energy cost of walking was 2.86 Ϯ 0.06 J m Ϫ1 kg Ϫ1 live weight. During 25 min of low-to medium-intensity work, glucose fell below pre-exercise values, whereas plasma hematocrit and cortisol increased.
The heat-and exercise-induced sweating of castrated male domestic donkeys is controlled by adrenergic nerves. Adrenomedullary secretion may contribute to sweating during exercise and cutaneous blood flow is important in the response of the glands to humoral stimulation (Robertshaw and Taylor 1969) When 5 females considered to be descendants of E. asinus africanus were maintained on wheat straw, gross energy intake was 1,134 Ϯ 236 kJ kg 0.75 day Ϫ1 , which was 67% of that recorded when the animals were fed alfalfa hay (ϮSE-Izraely et al. 1989) . They also altered resting metabolic rate in response to diet quality. Resting oxygen consumption when fed wheat straw was 13.2 Ϯ 0.71 kg 0.75 day Ϫ1 , half the value recorded when fed alfalfa hay. Neither feed represents a natural diet; nevertheless, E. asinus maintained a constant body mass, although their nitrogen budget when fed wheat straw was not balanced. Water turnover rates of 290 Ϯ 60 ml kg 0.75 day Ϫ1 and 380 Ϯ 30 ml kg 0.75 day Ϫ1 were obtained in E. asinus fed wheat straw and alfalfa hay, respectively. When fed dry roughage, they depended on drinking. By lowering its requirement for metabolic energy, E. asinus is able to balance its energy metabolism under adverse nutritional conditions, but only if sufficient forage is available (Izraely et al. 1989) .
At ambient temperatures between 10ЊC and 24ЊC, rectal temperature of 7 tamed E. asinus somaliensis weighing 125-180 kg was 36.4ЊC Ϯ 0.34 SD with a range of 34.7-37.2ЊC (Maloiy 1971) . Piloerection and shivering were observed when the wild asses were exposed to ambient temperatures of 5-15ЊC. At ambient temperatures between 40ЊC and 50ЊC, rectal temperature increased to 39.8ЊC. The rise between morning and evening body temperatures ranged between 2Њ and 3ЊC. At low ambient temperatures (10-24ЊC) respiratory frequency was 4-30 breaths/min. At ambient temperatures of 40-50ЊC respiratory frequency increased to 40-136 breaths/min. Heat stress does not appear affect heart rates. At 22ЊC resting heart rate was 39 beats/min (range 38-45 beats/min) whereas at an ambient temperature of 40ЊC, heart rate was 42 beats/min (range 41-48 beats/min). Metabolic rate was ca. 586 ml O 2 /min. A reduction in metabolic rate occurred when E. asinus became dehydrated (Maloiy 1971) .
ONTOGENY AND REPRODUCTION. Feral populations in the Chemehuevi
Mountains of southern California have no peak breeding season (Woodward and Ohmart 1976) . Populations in Death Valley National Monument, California, have a peak breeding season in late spring and summer, but females are polyestrous and mate at all times of the year. The longest observed estrus was 8 days (Moehlman 1974) . Populations in Grand Canyon National Park, Arizona, breed during March-July (Ruffner and Carothers 1982) . In a western Australian population, Ͼ50% of conceptions occurred during August-November, before the onset of the wet season; no conceptions took place during February-July (McCool et al. 1981) .
Gestation of E. asinus is 365-370 days (Clutton-Brock 1992). Females are sexually mature at 1.5 years of age, but most do not breed until they are 2-3 years old (McCool et al. 1981; Moehlman 1974; Ruffner and Carothers 1982) . The most fecund age class of females is 4 year olds, but females up to 14 years old breed (Ruffner and Carothers 1982) . Some 9-month-old males produce sperm; all males are sexually mature by 2 years of age (McCool et al. 1981) . In a single population of feral wild asses sex ratio at birth was 30% males (sample size not provided -Berger 1983; McCort 1979) .
The percentage of females pregnant in a given population varied from 64% for 197 feral wild asses in western Australia (McCool et al. 1981) , an average of 69% for 173 wild asses from 3 locations in eastern California (Wolfe et al. 1989) , to 77% for 632 wild asses in China Lake, California (Perryman and Muchlinski 1987; Ruffner and Carothers 1982) . Females give birth to 1 or 2 foals (McCool et al. 1981; Moehlman 1974) . Foals begin nibbling on vegetation at 5 days of age, but weaning does not occur until 12-14 months (Moehlman 1974) .
ECOLOGY.
Within its natural range, E. asinus inhabits arid, stony regions dotted with hillocks, which are used as observation posts (Groves 1974 (Groves , 1986 . Temperatures often exceed 50ЊC in the daytime. E. asinus can range 4-6 km from water. The present natural range of E. asinus includes drought-stricken areas of Somalia and Ethiopia (Clutton-Brock 1992) . In the feral state, E. asinus has colonized similarly harsh habitats, such as the Desert Southwest of the United States (Moehlman 1974; Ruffner and Carothers 1982) and western Australia (Wheeler 1987) . Wild asses shared an overlapping distribution with the onager (E. hemiones hemippus) in the Near and Middle East (Groves 1986; Uerpmann 1981) . However, they are likely segregated by habitat, the former on hilly, rocky ground, and the latter on flatter, featureless desert and semidesert (Groves 1986) .
Equus asinus will browse or graze on any available forage (Clutton-Brock 1992). Thirty-nine plant species comprised the diet of a population in the Chemehuevi Mountains of California (Woodward and Ohmart 1976) . Desert Indian-wheat (Plantago insularis) and palo verde (Ceridium floridum) were most commonly eaten. The diet consisted of 61% browse, 30% forbs, 4% grass, and 5% other. Riparian vegetation is important forage for E. asinus during summer (Hanley and Brady 1977b) . Because they are opportunists, feral E. asinus have had significant negative impacts on native desert vegetation. The greatest impacts occur near water, but a significant decrease (from 8.7% to 2.8% cover) in total vegetation cover has occurred in areas with E. asinus (Hanley and Brady 1977a) . In Australia, E. asinus feeds in pastures of grasses (Aristida and Triodia spp.) interspersed with eucalyptus trees (Freeland and Choquenot 1990 ). E. asinus in high-density populations eats lower-quality forage, with a higher crude fiber content, than do animals in low-density populations (Freeland and Choquenot 1990) .
In the western United States and in Australia, wild asses do not have predators (Freeland and Choquenot 1990; Woodward and Ohmart 1976) . High juvenile mortality, resulting from poor body condition, has occurred more frequently in high-density populations than in low-density populations (Choquenot 1991) .
Social organization of E. asinus consists of solitary individuals, small groups, large groups, and herds. In Danakil, Ethiopia, 5% of the population was solitary, 28% occurred in groups of 2-6 individuals, 30% in groups of 7-20 individuals, and 36% in herds of 21-60 individuals. Small groups usually consist of a single male with a few females or are all male or all female adults (Klingel 1977) . Large groups have 1 or more males and up to 10 females; some large groups consist solely of females. Herds consist of 25% males and the rest females and their young. No permanent groups exist, except small groups of young animals, 2-3 years old, with their mother. Large herds occasionally form during the day to feed, but break up again in the evening (Klingel 1977) .
Populations of feral E. asinus exist in hot, arid environments throughout the world. Genetic interchange among feral and wild populations has occurred since equids were 1st domesticated 5,000 years ago (Clutton-Brock 1992), but the genetic effect on wild populations is problematic (Groves 1986 ). Feral populations are extremely hardy generalists, and can survive in many different environments. Once away from human control, they can quickly move long distances to new areas (Clutton-Brock 1992; Groves 1974).
BEHAVIOR.
Some male E. asinus are territorial, inhabiting and defending specific areas for several weeks (Klingel 1977) . The territory is advertised by the presence and behavior of the territorial male, who stands at the territory boundary in a stiff stance, with ears forward. The territorial male waits in this position until an intruding conspecific male approaches to within 10-20 m of his territory boundary, then walks forward to meet the individual. He makes contact naso-nasally and naso-genitally. He then chases the intruder away, following him for up to 1 km. Fights occur rarely, but scars from bites have been observed (McCool et al. 1981) . Territories are large (Klingel 1977) . Territorial males mark their territory with large dung piles (Klingel 1977) . These piles are not necessarily at the territory boundaries. In desert areas, where the landscape is homogenous and territories are large, dung piles may allow a male to recognize his territory. Groups of nonterritorial individuals also defecate in large dung piles (McCool et al. 1981) .
Males leave their territories for short periods to walk to drinking places (Klingel 1974) . They may keep their territories throughout the year, even during the dry season when mares, foals, and nonterritorial stallions leave the area because of a shortage of food and water. Fidelity to permanently maintained territories and behavioral isolation of adjacent groups results in significant intergroup heterogeneity in genotype and allele frequencies (Blake and Douglas 1981) .
Territorial males are dominant over conspecifics (Klingel 1977) . Adults of both sexes are dominant over juveniles. No regular leadership is observable in large groups; any adult can lead the group for a short time. No antagonistic behavior occurs when leadership changes. Herds being culled from the air were likely to 794-Equus asinus scatter if the male of the group was killed first, but when the male survived, he attempted to lead the group (McCool et al. 1981) .
In Ethiopia, only territorial males mate (Klingel 1977) , although feral territorial and nonterritorial males also can mate (Moehlman 1974) . Territorial males copulated longer, were less likely to be interrupted, and were more successful at keeping other males away from the mated female than were nonterritorial males.
Mating activity gradually increases up to 2 days before females ovulate (Henry et al. 1991) . Females in estrus frequently adopt a copulatory stance, with their hind legs apart, and their tail held at a 45Њ angle (Klingel 1977; Moehlman 1974) . The male approaches from behind and sniffs the female's genitalia. Often, he vocalizes to initiate precopulatory interaction (Henry et al. 1991) . The female kicks at the male in a ritualized manner and moves away from him in a slow canter (Klingel 1977; Moehlman 1974) . The male follows the female for 20 m. Both individuals stop or the female pushes back against the male. He mounts her and they move a few steps in a circle. Penetration occurs immediately and ejaculation occurs after several pelvic thrusts. If copulation is completed, the male dismounts and the female sheds a secretion from her genitalia. The male sniffs at the secretion, displays flehmen, and urinates on it. They both then browse. If the female wishes to interrupt copulation before its completion, she walks or bounds out from under the male (Moehlman 1974) . Interruptions are also caused by offspring of the female (approaching the copulating pair and kicking at the male), other females (crowding between the copulating pair), or subordinate males (threatening, pushing, or fighting with the copulating male).
Pregnant females have been observed in the evening and again the next morning with foals (Moehlman 1974) ; therefore, at least some parturition takes place at night. The female spends most of the 1st day postpartum within 1 m of the foal. She does not let any other conspecifics approach it, and she maintains almost continual tactile contact by nuzzling and grooming the foal. For a month, the foal spends 71% of its time within 1 m of its mother. From 1 to 2 months of age, the foal spends 35% of its time within 1 m of its mother; most of its time is spent 1-4 m from her. At 1 year, the foal still spends most of its time within 10 m of its mother (Klingel 1974; Moehlman 1974) .
Equus asinus travels along well-used paths that often radiate from water sources (McCool et al. 1981) . The most common modes of movement are a symmetrical walk or trot and an asymmetrical gallop. While resting, the head is held at a comfortable angle with the ears back. Rest periods last from 1 min to 2.5 h, and are sometimes coordinated in large groups. E. asinus feeds by browsing for ca. 0.75 min, then walking 1-7 steps to a new foraging site. It drinks steadily for up to 4.5 min, moving its ears back and forth. If interrupted by a sudden noise or social interaction it will lift its head to investigate the stimulus. Water holes are approached with caution; most drinking takes place from 1600 h to midnight. E. asinus is active day and night, the number and duration of bouts varying with the individual and climate. The Death Valley, California, population on average spent 51% of time feeding, with a peak at 1700 h; 36% of time was resting and standing, and 9% was walking (Moehlman 1974) .
Equus asinus uses auditory, visual, tactile, and olfactory communication. Five vocalizations occur. The bray is the most complex and is used when meeting conspecifics, during copulation, in antagonistic encounters, and by foals separated from their mothers. Grunts and growls are antagonistic vocalizations. Whuffles are used to communicate position relative to other animals. The snort is an alarm vocalization. Visual communication can be divided into frontal threats and rear threats. Frontal threats include, in order of increasing intensity, turning toward a conspecific, putting the ears back, a fast-walk chase, and a trot-run chase. Rear threats, usually given by a female to an approaching male, include, in increasing intensity, pivoting the hindquarters toward the approaching male, lifting a rear hoof, lifting a rear hoof higher, kicking backward with 1 hoof, and kicking backward with 2 hooves. Tactile communication takes the form of naso-nasal or naso-genital contact or mutual grooming of the withers (Moehlman 1974) . Olfactory communication consists mainly of flehmen behavior, in which the head is raised with the muzzle toward the sky, the upper lip is compressed and drawn forward, the upper teeth and gums are exposed, and nostrils are wrinkled. Such behavior exposes a vomeronasal organ (Moehlman 1974) .
Play is practiced primarily by foals and yearlings (Moehlman 1974) . It consists of short runs, quick stops, pivots, runs in the opposite direction, leaps, bucks, and kicks. Stones and twigs are sometimes used in play. Juveniles play in the vicinity of their mother or other adults, who ignore them (Moehlman 1974) . Adults play with conspecifics, other animals, and people with whom they are familiar (D. Bennett, pers. comm.).
GENETICS.
Equus asinus is the progenitor of the domestic donkey or feral burro. All domesticated feral burros that have been mated with wild E. asinus produce fertile offspring. The domestic male E. asinus is commonly bred with the female E. caballus to produce the usually sterile mule. The large head and long ears of a mule resemble E. asinus, whereas its body is like that of E. caballus. The female E. asinus is less commonly bred with the male E. caballus to produce the usually sterile hinny. The small head and short ears of the hinny resemble E. caballus, whereas its body resembles E. asinus (Clutton-Brock 1992) .
Equus asinus has 2N ϭ 62 (Clutton-Brock 1992). A G-banded karyotype of E. asinus shows 19 pairs of metacentric chromosomes and 11 pairs of acrocentric chromosomes (Ryder et al. 1978) . A wide range of fundamental numbers in autosomes (98-118) indicates different numbers of metacentric and submetacentric autosomes (Orlov and Bulatova 1983) . X is a submetacentric chromosome. Y is an acrocentric chromosome. A C-banded karyotype shows 12 pairs of metacentric chromosomes: 4 pairs are deficient in the material that stains as constitutive heterochromatin under conditions in which the centromeres of all the acrocentric chromosomes and the remaining 8 pairs of metacentric chromosomes stain darkly. The Y chromosome is largely heterochromatic. The X chromosome lacks constitutive heterochromatin at the centromere, but a prominent interstitial C-band is present in the medial area of each long arm (Cribiu and de Giovanni 1978) .
The submetacentric nature of the X chromosome is evidence for a divergence of E. asinus from the main line of equid evolution (Cribiu and de Giovanni 1978) . Comparison of amino acid sequences of E. asinus with those of E. caballus reveals a 61% homology (Leigh and Stewart 1990) . Most differences are in the C-terminal extension, due to 2 nucleotide insertions in the E. asinus sequence, leading to a reading-frame shift. Amino acid homology in the disulfide core region is 81%. Four transferrin polymorphisms, 2 albumin polymorphisms, and 1 6-phosphogluconate dehydrogenase are unique to E. asinus (Bell 1994) . The species can be separated into 3 groups based on erythrocyte K ϩ and Na ϩ polymorphisms. One group has a lower number of polymorphisms than the mammalian normal, 1 is equal to the normal, and another is above normal (Miseta et al. 1993) . Hemoglobin studies reveal that E. asinus has only 1 hemoglobin detectable with electrophoresis in contrast to polymorphisms in the horse involving alpha chain duplication. When alpha and beta chain sequences are compared, wild asses, onagers, and zebras are related more to each other than they are to horses (Clegg 1974) . Among 6 alternative trees based on mitochondrial DNA, the 3 zebra species (burchelli, grevyi, and zebra) usually form a single branch, whereas asinus and hemionus form another, and caballus (including E. c. przewalski) represents a 3rd branch most divergent from the other 2 (George and Ryder 1986 ).
CONSERVATION STATUS.
The International Union for the Conservation of Nature and Natural Resources has listed E. a. somaliensis as an endangered species since 1968 (Clutton-Brock 1992; Moehlman 1974 ) and may be the most endangered equine species on earth (Clark 1983 ). E. asinus was not, as of 1983, listed by the Convention on International Trade in Endangered Species of Flora and Fauna as an Appendix I species. The main population center of surviving E. a. somaliensis is in Ethiopia, along the northern stretches of the Awash River. The habitat is harsh, and it is a traditional no-man's-land between the constantly warring Issa and Affar tribes. The Eritrean revolutions and the Sahel drought also were detrimental to populations of E. asinus. Livestock grazing is on the increase, which affects the wild ass by leaving them with no food and by concentrating animals at water holes, which the wild ass will then not use.
REMARKS.
Based on morphology, domestication of the wild ass probably occurred 1st in either the Near East (Dennler de la Tour 1975; Hehn 1885) or based on historical evidence, in northeastern Egypt (Pocock 1909) or northwestern Africa (Antonius 1938). It may have occurred in Arabia (Groves et al. 1966 ), but this conclusion was based on the view that the Nubian and Somali wild asses should be ruled out as ancestors on morphological grounds (Groves 1986 ). However, Clutton-Brock (1992) claimed that depictions of domestic asses of ancient Egypt were of the Nubian type, which were depicted as a hunted animal in ancient Egyptian art. Archeological remains are rare in the early Holocene, and discriminating wild from early domestic asses is virtually impossible (Clutton-Brock 1987) . However, the oldest specimen of wild ass is claimed to be from Syria (Ducos 1986 ), dated to ca. 9,000 BC (Burleigh 1986) , whereas the oldest domestic ass appears in Egypt ca. 4,000 BC and in Mesopotamia (Dennler de la Tour 1975), or in late 4th millennium Sumer (Postgate 1986) , and southern Iran by ca. 2,800 BC (Zeder 1986 ). This is later by ca. 6,000 years than the domestication of the horse (Anthony and Brown 1991) and contacts with neighboring horse nomads to the north and northeast may have stimulated ass domestication. The chronology suggests that the 1st domestication of wild asses occurred in northern Africa or the adjacent Near East, and domestic ass breeding spread eastward into Mesopotamia and Iran. Its spread north and west into Europe can only be conjectured. Hehn (1885) described movement northward through Anatolia to Greece, and thence around the Adriatic Sea to Italy and southern Europe. Clutton-Brock (1987) thinks it likely that the North African ass was imported into southern Europe from Algeria by the Romans before the wild population was exterminated.
The practice of crossbreeding the ass with other equids may be nearly as old as its domestication. The 1st equid to be mated to the domestic donkey was the onager (Equus hemionus), the earliest hybrid being ca. 3,000 BC in Palestine (Burleigh 1986 ). At about the same time in southern Iran, the domestic ass was the most common equid, but wild onagers were hunted for their meat, and evidence is lacking for ass-onager interbreeding (Zeder 1986 ). Later, when domestic horses were brought into Asia Minor from the north, domestic asses were crossed with them to produce mules. Greek texts place the 1st mule breeding in what is now northwestern Anatolia (Hehn 1885), and by the end of the 3rd millennium, onagers ceased to be used in Mesopotama, being replaced by horses. Farther east and south, the 1st mule remains to be identified in Iran are dated to ca. 1,800 BC (Zeder 1986 ).
Large populations of feral E. asinus exist in the western United States (Perryman and Muchlinski 1987; Ruffner and Carothers 1982) . The 1st written record of asses introduced into the Americas by Spanish explorers was that of Ganzalo Jimenez de Quesada in 1536 (Cabrera 1945 ). However, they may have accompanied horses and other livestock that were brought by Columbus's 2nd voyage to Hispaniola in 1494 (Bennett 1998) . A little more than a century later, in 1598, Juan De Onate brought horses to the southern Great Plains at Santa Fe (Bennett 1998) , and a year later, in 1599, donkeys were present near present-day El Paso (Zarn et al. 1977) ; probably soon after, some individuals escaped to form feral populations (Clutton-Brock 1992) . Before the advent of the railroad in the 19th century, no large feral populations existed because they were too valuable to be allowed to escape (Ruffner and Carothers 1982) . In the last several centuries, feral populations of E. asinus have grown and compete with native ungulates and livestock for scarce rangeland resources (Hanley and Brady 1977b; Perryman and Muchlinski 1987; Ruffner and Carothers 1982; Seegmiller and Ohmart 1981; Woodward and Ohmart 1976) . The Wild, Free-Roaming Horse and Burro Act of 1971 requires the protection, management, and control of wild free-roaming horses and burros on public lands. The National Park Service is specifically exempt from this law and has removed feral E. asinus causing environmental damage in parks. Some animals have been shot, whereas others have been removed alive and put up for adoption (National Park Service 1980) .
A similar situation has occurred in Western Australia. Domesticated E. asinus was brought to that continent for labor and transportation. After the railroads became established, escaped animals formed large feral populations. Feral E. asinus causes soil erosion and pasture degradation. Management of feral E. asinus includes culling from helicopters and from the ground; however, E. asinus has a high reproductive rate in these areas, and constant culling is needed to maintain low population numbers (McCool et al. 1981; Wheeler 1987) .
The scientific name of the wild ass is derived from 2 Latin words, Equus meaning horse, and asinus meaning ass, which is derived from an archaic word, asnos, from asia Minor (Hehn 1885; Nielson 1958 
